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Key indicators: single-crystal X-ray study; T = 296 K; mean o-(C-C) = 0.005 A; 
disorder in main residue; K factor = 0.044; wR factor = 0.102; data-to-parameter 
ratio = 8.9. 



The title compound, C25H34N2O5, was synthesized from 9a- 
hydroxyparthenohde (9Q!-hydroxy-4,8-dimethyl-12-methylen- 
3, 14-dioxa-tricyclo[9.3.0.0^''']tetradec-7-en-13-one), which in 
turn was isolated from the chloroform extract of the aerial 
parts of Anvillea radiata. The molecule comprises a ten- 
membered ring fused to a five-membered ring with an 
additional epoxy ring system fused to the ten-membered ring. 
The five-membered ring also carries a 4-hydroxyphenyl- 
piperazin-l-ylmethyl substituent. The ten-membered ring 
adopts an approximate chair-chair conformation, while the 
piperazine ring displays a chair conformation and the five- 
membered ring shows an envelope conformation with the C 
atom closest to the hydroxy group forming the flap. Two C 
atoms in the phenyl ring and the O atom of the hydroxyl group 
are disordered over two sites, with an occupancy ratio of 
0.53 (5):0.47 (5). An intramolecular O— H- ■ -N hydrogen- 
bond stabilizes the molecular conformation. In the crystal, 
C— H- • O hydrogen bonds link the molecules into zigzag 
chains running along the a-axis direction. 

Related literature 

For background to the medicinal uses of the plant Anvillea 
radiata, see: Abdel Sattar et at. (1996); El Hassany et at. (2004). 
For the reactivity of this sesquiterpene, see: Hwang et al. 
(2006); Neelakantan et al (2009). For a related synthetic 
procedure, see: Moumou et al. (2012). For conformational 
analysis, see: Cremer & Pople (1975). 




Experimental 

Crystal data 

C25H34N2O5 
M, = 442.54 
Monoclinic, C2 
a = 29.880 (5) A 
b = 6.841 (5) A 
c = 11.999 (5) A 
= 102.307 (5)° 

Data collection 

Bmker X8 APEX Diffractometer 
Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T^„ = 0.639, r„„ = 0.747 

Refinement 

R[F^ > 2a{F^)] = 0.044 

wR(F^) = 0.102 

S = 1.08 

2868 reflections 

322 parameters 

Table 1 

Hydrogen-bond geometry (A, °). 



V = 2396 (2) A" 
Z = 4 

Mo Ka radiation 
II = 0.09 mm"' 
T = 296 K 

0.5 X 0.03 X 0.03 mm 



13097 measured reflections 
2868 independent reflections 
1830 reflections with / > 2a(I) 
Ri^. = 0.055 



1 restraint 

H-atom parameters constrained 
Ap„ax = 0.14 e A"' 
A/0„i„ = -0.14 e A"^ 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


03-H3-N1 


0.82 


2.22 


3.030 (4) 


169 


C2-H2- ■ 04' 


0.98 


2.45 


3.243 (4) 


138 


C4-H4/1- ■ 02" 


0.97 


2.43 


3.315 (5) 


151 


Symmetry codes: (i) — .v - 




h 1; (ii) -x + l 


y + i~z + 2. 





Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SIIELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012); software used to prepare 
material for publication: PLATON (Spek, 2009) and publCIF 
(Westrip, 2010). 

The authors thank the Unit of Support for Technical and 
Scientific Research (UATRS, CNRST) for the X-ray 
measurements. 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: SJ5394). 
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9«-Hydroxy-1 2-{[4-(4-hydroxyphenyl)piperazin-l -y[]methyl}-4,8-dimethy 1-3,1 4- 
dioxatriq'clo[9.3.0.0^''*]tetradec-7-en-13-one 

Mohamed Loubidi, Ahmed Benharref, Lahcen El Ammari, Mohamed Saadi and Moha Berraho 

1 . Comment 

Our work lies within the framework of the evaluation of medicinal plants and in particular, Anvillea radiata. The main 
constituent of the chloroform extract of the aerial parts of this plant is 9a-hydroxypartenolide (Abdel Sattar et al, 1996; 
El Hassany et al, 2004). The reactivity of this sesquiterpene lactone and its derivatives has been the subject of several 
studies (Hwang et al, 2006; Neelakantan et al, 2009; Moumou et al, 2012), in order to prepare high value added 
products for use in industrial pharmacology. In this work we present the crystal structure of the title compoimd (I). The 
molecule is built up from fused five-and ten-membered rings with the hydroxyphenyl-pyperazine group as a substituent. 
An additional epoxy ring system is also fiised to the ten-membered ring at C2 and C3. The molecular structure of (I), 
Fig.l, shows the lactone ring to adopt an envelope conformation, as indicated by the Cremer & Pople (1975) puckering 
parameters QT = 0.208 (3) A and <p2 = 248.2 (7)°. The ten-membered ring displays an approximate chair-chair 
conformation, while the pyperazine ring has a perfect chair conformation with QT = 0.572 (3) A, (9 = 176.9 (3) and (p2 = 
184 (5)°. An intramolecular 04 — H4- -N1 hydrogen bond is observed. In the crystal, C — H-- 0 hydrogen bonds link the 
molecules into zigzag chains running along the a axis (Table 1, Fig 1). 

2. Experimental 

A mixture of 9«-hydoxypartenolide (9a-hydroxy-4,8-dimethyl-12-methylene- 3,14-dioxatricyclo[9.3.0.0^,'']tetradec-7- 
en-13-one) (1 g, 3.8 mmol) and one equivalent of l-(4-hydroxyphenyl-piperazine) in EtOH (20 ml) was stirred for twelve 
hours at room temperature. The reaction was stopped by adding water (10 ml) and the solution extracted with chloroform 
(3 X 20 ml). The combined organic layers were dried over anhydrous MgS04, filtered and concentrated under vacuum to 
give 1.5 g (3.3 mmol) of the title compoimd (yield: 90%). RecrystalUzation was performed from ethyl acetate. 

3. Refinement 

All H atoms were fixed geometrically and treated as riding with C — H = 0.96 A (methyl), 0.97 A (methylene), 0.98 A 
(methine) and 0-H = 0.82 A with C/iso(H) = \2U^ (methylene, methme) or C/iso(H) = \.5U^ (methyl, OH). The 05, C22 
and C21 atoms are disordered over two positions. The occupancy factors for these sites were refined and converged to the 
ratio 0.53 (5):0.47 (5). In the absence of significant anomalous scattering, the absolute configuration could not be reliably 
determined and any references to the Flack parameter were removed. 
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Figure 1 

The molecular structure of the title compound with the atom-labelling scheme. Displacement ellipsoids are drawn at the 
30% probability level. H atoms are represented as small spheres of arbitrary radii. For clarity only the major disorder 
components of the disordered C2 1 C22 and 05 atoms are shown. 
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Figure 2 

Packing view showing the C-H - 0 and O-H - N hydrogen bonds as dashed lines. H atoms not involved in hydrogen 
bonding and the atoms of the minor disorder component have been omitted for clarity. 



9a-Hytlroxy-12-{[4-(4-hydroxyphenyl)piperazin-l-yl]methyl}-4,8-dimethyl-3,14- 
dioxatricyclo[9.3.0.0^'']tetradec-7-en-13-one 



Crystal data 

C25H34N2O5 
M,. = 442.54 
Monoclinic, C2 
Hall symbol: C 2y 
a = 29.880 (5) A 
6 = 6.841 (5) A 
c= 11.999 (5) A 



y?= 102.307 (5)° 
K=2396 (2) A' 
Z=4 

7^(000) = 952 

D,= 1.227 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 4801 reflections 
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6" = 2.5-27.1° 
IX = 0.09 mm ' 
r=296K 

Data collection 

Broker X8 APEX Diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 

(p and CO scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 

r„i„ = 0.639, r„,, = 0.747 
13097 measured reflections 



Needle, colourless 
0.5 X 0.03 X 0.03 mm 



2868 independent reflections 
1830 reflections with / > 2o(/) 
Rm = 0.055 

^max 27. 1 , ^min 2.5 

A = -38^38 
A: = -8^7 
/ = -15^15 



Refinement 

Refinement on 
Least-squares matrix: full 

R[F^ > 2f7(F)] = 0.044 

wi?(i^) = 0.102 

5= 1.08 

2868 reflections 

322 parameters 

1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[(T^(F,^) + (0.0408P)2] 

where P = (F„^ + 2F,y3 
(A/(t)„^ = 0.001 
Ay9„ax = 0.14e 
Ay9mi„ = -0.14e 

Extinction correction: SHELXL, 

Fc*=kFc[l+0.001xFc2AVsin(26')]-"^ 
Extinction coefficient: 0.0063 (6) 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted if -factor wR and goodness of fit S are based on F'-, 
conventional 7?-factors R are based on F, with F set to zero for negative F^. The threshold expression oiF^ > 2a{F^) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F^ are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


IT *ITI 

^iso ' ^eq 


CI 


0.81526(10) 


0.5109 (5) 


0.7206 (2) 


0.0388 (7) 


HI 


0.8380 


0.4421 


0.7782 


0.047* 


C2 


0.78537 (10) 


0.6359 (5) 


0.7759 (2) 


0.0425 (7) 


H2 


0.7681 


0.7338 


0.7245 


0.051* 


C3 


0.79457(11) 


0.6940 (5) 


0.8964 (2) 


0.0478 (8) 


C4 


0.77809 (13) 


0.8925 (6) 


0.9221 (3) 


0.0645 (10) 


H4A 


0.7699 


0.8898 


0.9961 


0.077* 


H4B 


0.7508 


0.9254 


0.8655 


0.077* 


C5 


0.81482(14) 


1.0505 (5) 


0.9224 (3) 


0.0687 (11) 


H5A 


0.8007 


1.1787 


0.9185 


0.082* 


H5B 


0.8376 


1.0428 


0.9931 


0.082* 


C6 


0.83780 (13) 


1.0258 (5) 


0.8232 (3) 


0.0548 (9) 



Occ. (<1) 
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Ho 


A O 1 AC 

0.8195 


1 AC A'J 

1.0503 


0.7516 


0.066^ 




CI 


A OOA'^/1 /I ON 

0.88024 (13) 


A AT y1 O /CX 

0.9743 (5) 


0.8241 (3) 


f\ f\C A A /A\ 

0.0544 (9) 




Co 




A A1 HA 
0.91 /4 (D) 


0./15/ (3) 


A AC A c /n\ 

0.0545 (9) 




TTO 

H8 


A A*^ O 

0.9283 


A A /1 1 ^ 

0.9432 


0.7273 


A AzTC* 

0.065* 




CV 


0.88 /o3 (10) 


A cc\n£i /c\ 
O.o9 /o (j) 


U.6916 (2) 


0.0464 (8) 




H9A 


A AATA 

0.9070 


0.6580 


0.6397 


0.056* 




HyB 


0.69o3 


O.oz/D 


0. /625 


A AC/C* 

0.056* 




ClU 


A OTOTA /I A\ 
U.OJS /y (10) 


0.63 lo (4) 


U.64Uy (z) 


U.U369 (/) 




TT1 A 
HIU 


A AO 

0.8203 


f\ n A A A 

0.7490 


0.6184 


A A /I /I * 

0.044^ 




Cll 


A OTAO / 1 A\ 

0.83398 (10) 


A CAAA /C\ 

0.5009 (5) 


0.5360 (2) 


A A /I O A /TN 

0.0420 (7) 




TT1 1 

Hll 


0.8624 


0.4278 


A CO A'^ 

0.5393 


A ACAsk 

0.050* 




Ciz 


A TACAA /'^ ^\ 

0. /yjyy (ii) 


A 1 jCO 1 /CN 

0.36z3 (j) 


(\ Z A A A 

0.5444 (z) 


A A/1 CO /ON 

0.045z (8) 




C13 


0.83375 (13) 


A 1 AC / iZ\ 

0.6105 (6) 


0.9824 (2) 


A f\£^n A / 1 1 \ 

0.0674 (11) 




TT1 1 A 

H13A 


0.8596 


A /TATA 

0.6970 


A A A 1 O 

0.9913 


A 1 A 1 ^ 

0.101* 




H13B 


0.8419 


0.4852 


0.9566 


0.101* 




HI JC 


A -1 A 

0.8249 


A CACT 


1 AC A O 

1.054Z 


A 1 A 1 * 




C14 


A A10/IT /I A\ 

0.91847 (14) 


A AC TO 

0.9532 (7) 


A AOAA /ON 

0.9290 (3) 


0.0855 (13) 




TT1 A A 

H14A 


US'*!! 


1 A A'^'n 

1 .0427 


A A*^ A 1 

0.9241 


0.128* 




TT 1 A'Vi 

H14B 


A A'? AA 

0.9300 


A 01 1 O 

0.8zl8 


A AT 1 /I 

0.9334 


A 1 'I O sk 

0.iz8^ 




TT 1 A 

H14C 


A AA^A 

0.9069 


A AO 1 T 

0.9817 


A AACA 

0.9959 


A 1 'I O * 

0.128* 




C15 


0.82137 (11) 


0.6135 (5) 


0A2Z2 (2) 


A A/IAO /0\ 

0.0498 (8) 




XJ1 C A 

HI 


A OOA1 

0.8201 


0.52z3 


A '5 CAT 
0.359/ 


A A/CA* 

0.060* 




H15B 


0.7911 


0.6702 


0.4150 


A A/' Arf; 

0.060* 




Clo 


0.89578 (11) 


A AC T /CN 

0.6953 (5) 


A O O 1 1 /I \ 

0.3813 (3) 


A f\cn A /A\ 

0.0574 (9) 




XJ1 rfC A 


U.oo /6 


U.6z /5 


U.3U8y 


A A/;o* 




TT1 Z'T^ 

H16B 


0.9106 


0.6023 


0.4385 


A A /' A^ 

0.069* 




C17 


0.92853 (12) 


A O C O O //"N 

0.8583 (6) 


A O /O \ 

0.3722 (3) 


A A /'OA /I A\ 

0.0620 (10) 




i_ri T A 
Hi /A 


A 0'2 OA 


A AO 1 1 


U.445y 






TT1 Tn 

H17B 


A AC 

0.9556 


A O A>l A 

0.8049 


A '> C AO 

0.3508 


A AT /I in 

0.074* 




CIS 


0.83255 (11) 


A AAT/' /CN 

0.9076 (5) 


A /I A /I N 

0.3240 (3) 


A C\CCC\ /A\ 

0.0559 (9) 




T T 1 O A 

HloA 


A O Ayl O 


A ACOA 

0.9589 


0.34z/ 


A a/;t* 
0.06/* 




XJ1 CD 




0.839 / 


O.zMo 


0.06 /* 




1 A 

ciy 


0.86433 (12) 


1 ATIT /C\ 

1.0737 (5) 


0.3134 (3) 


A ACOC /1 A\ 

0.0585 (10) 




T T 1 n A 


A O AC\A 

0.8494 


1 1 1 A 

1.1610 


A O CI 1 

0.z53 1 


A ATA* 
0.0/0* 




H19B 


A OT AA 

0.8709 


1.1471 


0.3841 


A ATA* 

0.070* 






u.y363y (iz) 


1.14/8 (5) 


0.z585 (3) 


0.0524 (8) 




C21A 


A AT/r^ /I 1 \ 

0.9766 (11) 


1 1 /TT /CN 

1.167 (5) 


A OAO /-^N 

0.303 (2) 


A 1 AO / 1 1 \ 

0.103 (11) 


A An f c\ 

0.47 (5) 


m 1 A 
HziA 


A AOAO 

o.yoy2 


1 AO T O 

1.U838 


A 'J /^'5 A 

U.363U 


A 1 O /I sk 

0. 124^^ 


A An /c\ 

U.4 / (5) 


C22A 


1 A A / 1 1 \ 

1.0052 (11) 


1 OAT //"N 

1.307 (6) 


A O /' A /O \ 

0.269 (3) 


A 1 O /I /I A\ 

0.184 (19) 


0.47 (5) 


HZzA 


1 Aid 


1 1 1 1 
1.3161 


A lAOO 


A -T^A* 

U.zZU 


A An /c^ 
U.4 / (5) 




u.ys / / (y) 


1.1 5U (3) 


u.jU4y (lo) 


A ACA 

U.U5y (4) 


U.53 (5) 


H21B 


1.0010 


1.0609 


0.3605 


A AT 1 ifc 

0.071* 


0.53 (5) 


C2zB 


1 A1 /I C tQ\ 

1.0145 (8) 


1.284 (z) 


0.2650 (12) 


0.066 (5) 


0.53 (5) 


H22B 


1.0462 


1.2840 


0.2894 


0.079* 


0.53 (5) 


C23 


0.99198 (17) 


1.4234 (8) 


0.1851 (4) 


0.0947 (15) 




C24 


0.94645 (15) 


1.4229 (6) 


0.1412(3) 


0.0817(13) 




H24 


0.9337 


1.5159 


0.0872 


0.098* 




C25 


0.91882 (13) 


1.2851 (6) 


0.1763 (3) 


0.0616(10) 




H25 


0.8876 


1.2844 


0.1440 


0.074* 
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Nl 


0.85421 (8) 




0.7703 (4) 0 


41259 (18) 


0.0446 (6) 




Nz 


o.yo/4j (y) 




1.0027(4) 0 


lis 1 1 (z) 


O.U5z / ( /) 




Ul 


0./aD30 (/J 




0.3726 (3) 0 


M/y / (15) 


0.0455 (5) 






0.75946 (8) 




0.5494 (4) 0 


85303 (16) 


0.0582 (7) 




r\i 
Uo 


U.8 // /O (lUj 




1.0320(4) 0 


OzlUz (ly) 


(J.U6oy (/) 




TT^ 

rij 


U.o / L/o 




0.9690 


0 


JOZU 






04 


0.77554 (8) 




0.2523 (4) 0 


47254(18) 


0.0653 (7) 




05A 


1.0188(7) 




1.589(4) 0 


174 (3) 


0.116(8) 


0.47 (5) 


H5A1 


1.0053 




1.6567 


0 


1208 


0.173* 


0.47 (5) 


05B 


1.0186 (6) 




1.531(3) 0 


1318(16) 


0.080 (4) 


0.53 (5) 


H5B1 


1.0034 




1.5704 


0 


0709 


0.120* 


0.53 (5) 


Atomic displacement parameters (A^) 






JJ12 






JJ12 






CI 


0.0456 (18) 


0.0352 ( 


17) 


0.0330 (13) 


-0.0035 (15) 


0.0025 (12) 


-0.0011 (13) 


C2 


0.0496 (19) 


0.0439 ( 


19) 


0.0364 (14) 


-0.0019 (15) 


0.0147 (13) 


0.0051 (13) 


C3 


0.059 (2) 


0.0478 ( 


19) 


0.0391 (15) 


-0.0061 (18) 


0.0159(15) 


-0.0022 (15) 


C4 


0.075 (2) 


0.069 (3^ 




0.0551 (19) 


0.004 (2) 


0.0274(18) 


-0.0153 (19) 


C5 


0.089 (3) 


0.044 (2] 




0.078 (2) 


0.003 (2) 


0.028 (2) 


-0.0179(18) 


C6 


0.080 (3) 


0.0266 ( 


18) 


0.0600(19) 


0.0035 (18) 


0.0194(18) 


-0.0011 (15) 


C7 


0.068 (2) 


0.040 {2] 




0.0543 (18) 


-0.0102 (19) 


0.0107 (17) 


-0.0105 (16) 


C8 


0.061 (2) 


0.044 (2] 




0.0589(19) 


-0.0102(18) 


0.0134(16) 


-0.0023 (16) 


C9 


0.051 (2) 


0.042 {1] 




0.0467 (16) 


-0.0034 (16) 


0.0113 (14) 


-0.0057 (15) 


CIO 


0.0417 (17) 


0.0323 ( 


17) 


0.0363 (14) 


-0.0004 (14) 


0.0075 (12) 


-0.0029 (12) 


Cll 


0.0441 (18) 


0.046 (2^ 




0.0355 (14) 


-0.0034 (16) 


0.0082 (12) 


-0.0079 (14) 


C12 


0.050 (2) 


0.0412 ( 


19) 


0.0432 (16) 


0.0006 (17) 


0.0074 (14) 


-0.0051 (15) 


C13 


0.091 (3) 


0.062 (2^ 




0.0424 (17) 


-0.003 (2) 


-0.0015 (17) 


-0.0021 (16) 


C14 


0.084 (3) 


0.102(4] 




0.065 (2) 


-0.012 (3) 


0.003 (2) 


-0.029 (2) 


C15 


0.052 (2) 


0.059 (2] 




0.0403 (15) 


-0.0026 (18) 


0.0136(14) 


-0.0042 (15) 


C16 


0.056 (2) 


0.055 {2] 




0.068 (2) 


0.0122(19) 


0.0284 (17) 


0.0078 (18) 


C17 


0.057 (2) 


0.056 (2] 




0.079 (2) 


0.018 (2) 


0.0284(18) 


0.0184(19) 


C18 


0.053 (2) 


0.065 {2] 




0.0532(18) 


0.0101 (19) 


0.0180(16) 


0.0112(17) 


C19 


0.061 (2) 


0.057 (2] 




0.0636 (19) 


0.0196(19) 


0.0258 (17) 


0.0146(17) 


C20 


0.051 (2) 


0.051 {2] 




0.0564 (19) 


0.0008(18) 


0.0149(17) 


0.0001 (17) 


C21A 


0.026 (12) 


0.111 (16) 


0.168(17) 


0.010 (9) 


0.009 (8) 


0.088 (13) 


C22A 


0.034(10) 


0.23 (3) 




0.27 (3) 


-0.002 (12) 


-0.005 (11) 


0.13 (3) 


C21B 


0.025 (9) 


0.062 (8] 




0.085 (8) 


0.017 (6) 


0.002 (5) 


0.015 (7) 


C22B 


0.041 (7) 


0.049 (8] 




0.097 (9) 


-0.011 (5) 


-0.005 (5) 


0.022 (6) 


C23 


0.072 (3) 


0.087 (4] 




0.116(4) 


-0.027 (3) 


-0.001 (3) 


0.033 (3) 


C24 


0.080 (3) 


0.077 (3J 




0.079 (2) 


-0.025 (3) 


-0.003 (2) 


0.025 (2) 


C25 


0.062 (2) 


0.058 (2] 




0.059 (2) 


-0.010 (2) 


0.0006 (17) 


0.0061 (19) 


Nl 


0.0462 (16) 


0.0481 ( 


16) 


0.0422 (13) 


0.0059 (13) 


0.0156(11) 


0.0046 (12) 


N2 


0.0531 (17) 


0.0512 ( 


18) 


0.0590 (15) 


0.0100 (15) 


0.0233 (13) 


0.0086 (14) 


01 


0.0577 (14) 


0.0379 ( 


12) 


0.0422(11) 


-0.0094(11) 


0.0136(9) 


-0.0071 (9) 


02 


0.0718 (16) 


0.0643 ( 


17) 


0.0440(11) 


-0.0185 (14) 


0.0245 (10) 


-0.0059(11) 


03 


0.100(2) 


0.0462 ( 


15) 


0.0619(13) 


-0.0122 (15) 


0.0210(14) 


0.0062 (12) 


04 


0.0738 (17) 


0.0670 ( 


17) 


0.0549 (13) 


-0.0186(14) 


0.0136(12) 


-0.0250 (12) 


05A 


0.090 (7) 


0.087 (1 


0 


0.138(16) 


-0.065 (8) 


-0.048 (9) 


0.047 (10) 
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05B 0.066 (5) 


0.084 (9) 0.080 (6) 


-0.054 (5) 


-0.010 (5) 0.029 (6) 


Geometric parameters (A, °) 


CI— 01 


1.454 (3) 


C15— Nl 


1.475 (4) 


CI— C2 


1.490 (4) 


C15— H15A 


0.9700 


CI— CIO 


1.542 (4) 


C15— H15B 


0.9700 


CI— HI 


0.9800 


C16— Nl 


1.464 (4) 


C2— 02 


1.454 (3) 


C16— C17 


1.503 (5) 


C2— C3 


1.468(4) 


C16— H16A 


0.9700 


C2— H2 


0.9800 


C16— H16B 


0.9700 


C3— 02 


1.455 (4) 


C17— N2 


1.459(4) 


C3— C13 


1.499(4) 


C17— H17A 


0.9700 


C3— C4 


1.499 (5) 


C17— H17B 


0.9700 


C4— C5 


1.540 (5) 


C18— Nl 


1.462(4) 


C4— H4A 


0.9700 


C18— C19 


1.504(5) 


C4— H4B 


0.9700 


C18— H18A 


0.9700 


C5— C6 


1.505 (5) 


C18— H18B 


0.9700 


C5— H5A 


0.9700 


C19— N2 


1.469(4) 


C5— H5B 


0.9700 


C19— H19A 


0.9700 


C6— C7 


1.314(5) 


C19— H19B 


0.9700 


C6— H6 


0.9300 


C20— C21A 


1.21 (3) 


C7— C14 


1.516(5) 


C20— C25 


1.381 (5) 


C7— C8 


1.516(4) 


C20— N2 


1.409 (4) 


C8— 03 


1.426(4) 


C20— C21B 


1.52 (3) 


C8— C9 


1.539 (5) 


C21A— C22A 


1.41 (4) 


C8— H8 


0.9800 


C21A— H21A 


0.9300 


C9— CIO 


1.530(4) 


C22A— C23 


1.27 (3) 


C9— H9A 


0.9700 


C22A— H22A 


0.9300 


C9— H9B 


0.9700 


C21B— C22B 


1.37(3) 


CIO— Cll 


1.526 (4) 


C21B— H21B 


0.9300 


CIO— HIO 


0.9800 


C22B— C23 


1.415 (18) 


Cll— C12 


1.499 (4) 


C22B— H22B 


0.9300 


Cll— C15 


1.543 (4) 


C23— 05B 


1.340 (15) 


Cll — Hll 


0.9800 


C23 — C24 


1.350 (6) 


C12— 04 


1.208 (3) 


C23— 05A 


1.411 (17) 


C12— 01 


1.347 (3) 


C24— C25 


1.377 (5) 


C13— H13A 


0.9600 


C24— H24 


0.9300 


C13— H13B 


0.9600 


C25— H25 


0.9300 


C13— H13C 


0.9600 


03— H3 


0.8200 


C14 — H14A 


0.9600 


05A — H5A1 


0.8200 


C14— H14B 


0.9600 


05B— H5B1 


0.8200 


C14— H14C 


0.9600 






Ol— CI— C2 


107.0 (2) 


Nl— C15— Cll 


113.0(2) 


01— CI— CIO 


106.13 (18) 


Nl— C15— H15A 


109.0 


C2— CI— CIO 


111.3(2) 


Cll— C15— H15A 


109.0 


Ol— CI— HI 


110.7 


Nl— C15— H15B 


109.0 


C2— CI— HI 


110.7 


Cll— C15— H15B 


109.0 


CIO— CI— HI 


110.7 


H15A— C15— H15B 


107.8 
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02 — C2 — C3 


59.74 (17) 


N 1 — Clo — C17 


111 1 /IX 

111.1 (3) 


Oz — C2 — CI 


120.0 (3) 


JN 1 — Clo — HloA 


1 AA A 

109.4 


C3 — C2 — CI 


126.1 (3) 


/~< 1 ^7 /"IIZ" TTIZ'A 

C17 — C16 — ^H16A 


1 AA A 

109.4 


Ty** 

02 — C2 — H2 


1 1 T C 

113.5 


XT1 1 ^ TT1 ^Ti 

JNl — C16 — HloB 


1 AA /I 

109.4 


/"^T Ty^ 

C3 — C2 — H2 


113. 5 


C 1 7 — C 1 6 — H 1 6B 


1 AA /I 

109.4 


CI — C2 — H2 


113.5 


T T 1 A /' ' 1 T T 1 /'T~> 

H16A — C16 — H16B 


108.0 


02 — C3 — C2 


59.63 (18) 


N2 — C17 — C16 


111 /1\ 

111.2 (3) 


02 — C3 — C13 


112.6 (3) 


TvT'l TT1TA 

N2 — C17 — Hl/A 


1 AA /I 

109.4 


C2 — C3 — C13 


122.0 (3) 


/^IZ^ 1 "7 TTITA 

C 1 6 — C 1 7 — H 1 7 A 


1 AA /I 

109.4 


02 — C3 — C4 


116.5 (3) 


N2 — C17 — H17B 


109.4 


C2 — C3 — C4 


116.6 (3) 


/~1 1 Z" Z^IT TT1 TT^ 

C16 — C17 — H17B 


1 AA /I 

109.4 


C13 — C3 — C4 


116.5 (3) 


T T 1 T A /~i IT T T 1 ^7 T~> 

H17A — C17 — H17B 


108.0 


C3 — C4 — C5 


111 0 /"JX 

111.8 (3) 


Nl — C18 — C19 


111 A /T \ 

111.0 (3) 


C3 — C4 — H4A 


109.3 


XT1 1 0 TT1 0 A 

JNl — C18 — H18A 


1 AA A 

109.4 


C5 — C4 — H4A 


109.3 


/"' -1 ("» -JO T T 1 0 A 

C19 — C18 — H18A 


109.4 


Ci — C4 — H4B 


1 AA "? 

109.3 


XT1 1 0 TTIOTi 

Nl — Clo — H18B 


1 AA A 

109.4 


C5 — C4 — H4B 


1 AA "? 

109.3 


1 r\ /^10 TT10T~> 

Ciy — Clo — HloB 


1 AA A 

109.4 


H4A — C4 — H4B 


1 AT A 

107.9 


TT1 0 A 0 TT1 OT~i 

H18A — C18 — ^H18B 


1 AO A 

108.0 


Co — C5 — C4 


111 /I 

111.4 (3) 


N2 — C 1 9 — C 1 8 


111.5 (3) 


r^iL TTC A 

Co — C5 — ^H5A 


1 AA /I 

109.4 


Xn 1 A TT1 A A 

N2 — cly — HiyA 


1 AA "? 

109.3 


A t~^C TTC A 

C4 — C5 — H5A 


1 AA A 

109.4 


0 /^1A TT1AA 

Clo — ciy — ^HiyA 


1 AA O 

109.3 


Co — C5 — ^H5B 


1 AA /I 

109.4 


Xy^ 1 A TT1 Al~> 

N2 — C19 — ^H19B 


1 AA ■O 

109.3 


C4 — C5 — H5B 


109.4 


C18 — C19 — H19B 


109.3 


H5A — C5 — H5B 


1 AO A 

108.0 


TT1AA /~^1A TT1AT~> 

HiyA — Ciy — ^H19B 


1 AO A 

108.0 


r^n c^c r^z. 
C / — Co — CD 


Izo.o (3) 


C2 1 A — C2U — C2d 


115.6 (14) 


C7 — Co — Ho 


115.6 


C21A — C20 — N2 


124.6 (14) 


C5 — C6 — H6 


115.6 


C25 — C20 — N2 


1 1 A O \ 

119.8 (3) 


Co — C7 — C14 


126.0 (3) 


C2 1 A — C2 0 — C2 1 B 


7 (2) 


Co — C7 — Cs 


121.7 (3) 


C25 — C20 — C2 1 B 


1 1 T 1 /I A\ 

117.1 (10) 


C14 — C7 — C8 


112.2 (3) 


N2 — C20 — C21B 


122.9 (10) 


/"VO /~^0 /"^T 

03 — C8 — C7 


111.4 (3) 


C20 — C2 1 A — C22 A 


123 (2) 


/"v^ /"'o /~*r\ 

03 — C8 — C9 


111 ^ /T \ 

111.2 (3) 


C20 — C21A — ^H21A 


1 1 O 

118.3 


/"^T /"^o /~ir» 

C7 — Co — C9 


110.7 (3) 


/"'OO A /^O 1 A TTO 1 A 

C22 A — C2 1 A — HI 1 A 


1 1 O 

118.3 


/~^0 TTO 

03 — C8 — H8 


107.8 


C23 — C22A — C21A 


124 (2) 


-7 /~iO TTO 

C7 — C8 — H8 


107.8 


C23 — C22A — H22A 


118.2 


/~lO TTO 

C9 — C8 — H8 


1 AT 0 

107.8 


1 A A TT^^ A 

C21A — C22A — ^H22A 


1 1 O 

118.2 


CIO — C9 — C8 


116.9 (3) 


C22B — C2 1 B — C20 


1 A A /I '7\ 

120.0 (17) 


1 A TTO A 

CIO — C9 — HyA 


1 AO 1 


/"^'^'^Ti 1 y) Tyi 1 yj 

C22B — C2 1 B — H2 1 B 


1 OA A 

120.0 


/^O /^n TTA A 

C8 — C9 — H9A 


1 AO 1 

108.1 


/^'lA /^'^1y> Ty^iy) 

C20 — C2 1 B — H2 1 B 


1 OA A 

120.0 


CIO — C9 — H9B 


1 AO 1 

108.1 


C2 1 B — C22B — C23 


1 1 T O /I TN 

117.2 (17) 


/~^o /~^n TTr\T~> 

C8 — C9 — H9B 


1 AO 1 

108.1 


1 y> /^T^y) TT'T^y> 

C2 1 B — C22B — H22B 


1 O 1 A 

121.4 


T Tr\ A /~^f\ TTr\T^ 

H9A — C9 — ^H9B 


107.3 


C23 — C22B — H22B 


121.4 


Cll — CIO — C9 


114.5 (2) 


C22A — C23 — 05B 


1 OT A /I ^\ 

127.0 (17) 


Ci 1 — ClU — Ci 


iOz.9 (/) 


CzzA — Cz j — C/4 


lie A /ICN 

1 i5.L) (15) 


C9— CIO— CI 


115.9(2) 


05B— C23— C24 


117.8 (8) 


Cll— CIO— HIO 


107.7 


C22A— C23— 05A 


119.3 (17) 


C9— CIO— HID 


107.7 


05B— C23— 05A 


26.9 (13) 


CI— CIO— HIO 


107.7 


C24— C23— 05A 


120.6(10) 


C12— Cll— CIO 


104.8 (2) 


C22A— C23— C22B 


13(2) 
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/"^IT /"'ll 

C 1 1 — C 1 1 — L 1 5 


1 r\c\ 1 

109.Z (z) 




05B — Lz3 — L^ZZB 




116.5 (12) 


/~^1A 

CIO — Cll — C15 


113.6 (3) 




Cz4 — Cz3 — CzzB 




123.9 (9) 


TT11 

C12 — Cll — ^Hll 


1 Art T 

109.7 




05A — C23 — C22B 




11/1 A/11\ 

114.0 (11) 


/"111 TT11 

CIO — Cll — ^Hll 


1 Art T 

109.7 




C23 — C24 — C25 




120.2 (4) 


/"^ 1 C 1 TT 1 1 

C15 — Cll — Hll 


1 An T 

109.7 




Cz3 — Cz4 — Hz4 




1 1 A A 

119.9 


04 — C12 — Ol 


120.6 (3) 




C25 — C24 — H24 




119.9 


04 — C12 — Cll 


128.4 (3) 




C24 — C25 — C20 




1 1 C f A\ 

121.5 (4) 


Ol — C12 — Cll 


1 1 A A /'^\ 

110.9 (2) 




C24 — C25 — H25 




119.3 


C J — C 1 3 — H 1 3 A 


1 AA Z 

109.5 




CzO — Lz5 — Hz5 




1 1 A T 

119.3 


C3 — C13 — H13B 


109.5 




C18 — Nl — C16 




1 AT A /I \ 

107.9 (2) 


TT1 O A 1 '> TT1 in 

H13A — C13 — ^H13B 


1 AA C 

109.5 




C18 — ^Nl — C15 




1 AA A /'*\\ 

109.0 (2) 


C3 — C13 — H13C 


109.5 




C16 — Nl — CI 5 




112.3 (3) 


HliA — C13 — ^HIJC 


1 AA C 

109.5 




C20 — N2 — C17 




116.9 (3) 


H13B — C13 — H13C 


1 AA C 

109.5 




C20 — ^N2 — C19 




115.6 (3) 


V. / — 14- — jni^/\ 






C 1 7 'W? P 1 Q 




1 1 n 9 (i\ 


C7— C14— H14B 


109.5 




C12— 01— CI 




110.8 (2) 


H14A— C14— H14B 


109.5 




C2— 02— C3 




60.63 (18) 


C7— C14— H14C 


109.5 




C8— 03— H3 




109.5 


H14A— C14— H14C 


109.5 




C23— 05A— H5A1 




109.5 


H14B— C14— H14C 


109.5 




C23— 05B— H5B1 




109.5 


Hydrogen-bond geometry (A, °) 


D—Yi-A 




D—Yi 




D-A 


D—Vi-A 


03— H3-N1 




0.82 


2.22 


3.030 (4) 


169 


C2— H2-04' 




0.98 


2.45 


3.243 (4) 


138 


C4— H4^-02" 




0.97 


2.43 


3.315(5) 


151 



Symmetry codes: (i) -x+3/2,>H-l/2, -z+1; (ii) -x+3/2,>'+l/2, -z+2. 
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